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Ftg. 2 Complaxity of integrated circuits as a function of th^ year. (After Moore. Ref. IS.) 



chip has grown exponentially'* since 1959 (Fig. 2). The rate of growth is 
expected to slow down because of a lack of product definition and design. 
However, a complexity of 1 million or more devices per chip may be 
available around 1990 using or submicron device geometries. As the 
channel length becomes shorter, one has to consider short-channel effects 
due to two-dimensional potential, high-field transport and oxide charging. 
Many device structures have been proposed to improve MOSFET per- 
formance. Some representative structures as well as the nonvolatile semi- 
conductor memory, basically a MOSFET with a multilayer gate structure, 
will be discussed. 



unclion of the year 



8.2 BASIC DEVICE CHARACTERISTICS 

The basic structure of a metal-oxide-semiconductor field-effect tran- 
sistor (MOSFET) is illustrated in Fig. 3. It is a four-terminal device and 
consists of a p-type semiconductor substrate into which two regions, 
the source and drain, are formed* (e.g., by ion implantation). The metal 
contact on the insulator is called gate; heavily doped polysiUcon or a 
combination of sDicide and poly silicon c an also be used as the gate 
electrode. The basic device parameters are MMMHRHB^^J^hi^MS 
the distance between the two metallurgical n*-p junctions JI^^^^^W 
^■mitohe insulator thickness d; the junction depth and the substrate 
doping Na^ In a silicon integrated circuit, a MOSFET is surrounded by a 
thick oxide (called the field oxide to distinguish it from the gate oxide) to 
isolate it from adjacent devices. 
The source contact will be used as the voltage reference throughout this 



♦This is an rr -channel device; one may consider a p -channel device by exchansing p for n and 
reversing the polarity of the voltage^ 
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chapter. When np voltage is applied to the gate> the source-to^ain 
electrodes correspond to two p-n juDCtions connected back to back. The 
only current that can flow from source to drain is the reverse leakage 
current* When a sufficiently large positive bias is applied to the gate so 
that a surface inversion layer (or channel) is formed between the two n* 
regions, the source and the drain are then connected by a conducting- 
surface n channel through which a large current can flow. The conductance 
of this channel can be modulated by varying the gate voltage. The back- 
surface contact (or substrate contact) can have the reference voltage or be 
reverse-biased; the back-surface voltage will also affect the channel con- 
ductance. 

8.2.1 Nonequlllbrium Condition 

When a voltage is applied across the source-drain contacts, the MOS 
structure is in a nonequilibrium condition; that is, the imref of the minority 
carriers (electrons, in the present case) is lowered from the equilibrium 
Fermi level. To show more clearly the band bending across the device. Fig, 
4c shows'* the MOSFET turned 90*. The two-dimensional, fiat-band, 
zero-bias (Vc = Vo = Vbs = 0) equilibrium condition is shown in Fig, 4b. 
The equihWum conditions under a gate bias that causes surface inversion 
are shown in Fig. 4c- The nonequilibrium condition with both drain a:nd 
gate biases is shown in Fig. 4d, where we note the separation of the imrefs 
of electrons and holes; the hole inu-ef Epp remains at the bulk Fermi level 
while the electron imref £ph (minority in the present case) is lowered 

•This is the « channel normally-off (enhanccmcm-type) MOSFET- OAer type* will be discussed 
later. 
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